Landfilling has been, and likely will continue for a long time to be, the most widespread disposal technology for municipal solid waste (MSW), and in some cases for commercial and industrial wastes, too. Open dumping instead of modern sanitary landfilling remains the disposal practice of choice in most economically developing countries; indeed, in some countries up to 90% of disposal facilities are open dumps. Over time, open dumps will gradually be upgraded to well designed and managed landfills for MSW disposal as economies improve and environmental protection measures are adopted, following the evolution of waste management practices in developed countries over the past 50 years. Even today, most economically developed countries, including many European Union countries, North America and Australia, still rely on landfilling as an integral part of solid waste management infrastructure, despite many arguing that this results in a loss of valuable resources. However, this argument has holes in it, as much of the material value formerly included in the MSW stream is being removed at the point of generation (via recycling programmes); this is not so uncommon even in economically developing countries. Moreover, even if all discarded materials were landfilled, it can be argued that landfills are essentially locations for the long-term storage of material resources that have minimal economic value today, but that are available for retrieval tomorrow.
Public pressure to move away from landfilling prompted the introduction of fiscal measures, such as a landfill tax, introduced in the United Kingdom in 1996 through the Landfill Tax Regulations 1996. The intent is to make alternative waste management technologies more cost-competitive with landfilling, but this is a false skewing in favour of the alternatives and results in citizens paying more than may be necessary for waste management. Artificially increasing the price for waste handling is unfair where there are more pressing claims for society's often limited financial resources. Yes, past landfills may have been inappropriately sited, poorly designed, badly operated and/or monitored (and thus unduly cheap to run), all leading to undesirable consequences. However, with adequate investments in landfilling practices, just some of the money spent on landfill tax could have resulted in improved disposal facilities that meet even the strictest of environmental and public health protection standards.
No one can argue that it is appropriate to be landfilling our finite resources, which, just by the adoption of the waste hierarchy, would be prevented. Organic wastes are more advantageously composted and used as nutrients to improve the organic content of soils and it is clearly better to recover plastics and metals for recycling and reprocessing for (re)use in the product manufacturing cycle. Therefore, landfills of the future will be very different from those of the past. The landfilled waste masses of the future will be much different to that of the past, as the landfilled MSW is unlikely to contain plastics, wood, metals and organics at levels that might make landfill mining (LFM) attractive.
So what about the resources that are already tied up in the landfills of the past? Is it realistic to think or even consider that it is worthwhile tapping into those resources? Carbon has been mined in the form of coal for decades, so why not mine waste that has been tipped over the last 30 years or so. No need for costly and hazardous deep mining as was practiced in the coal extraction industry, but opencast approaches such as we have seen in recent times.
Let us now look at the drivers for LFM. It appears that there are four main strategic reasons for LFM operations: extraction of materials with recycling potential; extraction of materials suitable for energy recovery; the recovery of cover soil that can be reused in either ongoing nearby landfill operations or used more efficiently in the re-disposal of the rejects from the LFM operations; and the reclamation of land. While the first two are clear economic arguments about the potential income from the deposited wastes, the third and fourth have greater potential for considering environmental protection and wider sustainability drivers. These reasons may be used as independent drivers in their own right for LFM, but may also be used in combination to deliver wider benefits and maximise the LFM opportunity.
Landfill mining could be the way forward for us to capture some of our 'lost' natural resources. Landfill mining is, after all, not new, but has only been undertaken under very specific circumstances. Some may recall that as far back as 1992, Delaware Solid Waste Authority (DSWA) in the USA demonstrated the exposed geomembrane cap (EGC) concept on test cells at the DSWA's Central Solid Waste Management Centre in Kent County, Delaware. Recyclable materials could then be more easily recovered from the waste mass following stabilisation of the waste by simply peeling back the EGC. Having now established the principle in 1997-1998, DSWA installed an EGC on a 42-acre (17 hectares) landfill at the Southern Solid Waste Management Centre in Sussex County, Delaware.
I recall even much earlier than that, when I was working for Cambridgeshire County Council, that in order to extend the life of some of the existing landfills, the old waste was mined to create additional void space. The waste was perhaps a little different from that which we have today, as it was predominantly ash, but this was screened and used for engineering purposes and as daily cover which meant that the landfill was self-sufficient for these materials. This enabled the liberated airspace to be used for the deposit of new wastes.
Landfilling and landfill mining
617878WM R0010.1177/0734242X15617878Waste Management & ResearchEditorial research-article2015
Editorial
You can go back more recently to 2003, to the Normandy Landfill Reclamation Project, as an important part of the rebuilding and rehabilitation of downtown Beirut. The objective of this project was to treat the landfilled material, to reclaim the suitable material and then to market the cleaned site as development land.
With the realisation that many of our resources are finite, a number of studies have been undertaken in Europe. Belgium hopes to lead the way with what is expected to be the first largescale LFM project at Remo Milieubeheer landfill, HouthalenHelchteren, some 80 km east of Brussels. Then there are a number of strategic studies underway in the Styria region of Austria and Germany, looking at the potential for the recovery of resources through LFM. Furthermore, a detailed study by Ricardo AEA, on behalf of Zero Waste Scotland, concluded that LFM operations could potentially be feasible in Scotland, but viability is likely to be limited to very specific circumstances. The planning and undertaking of a LFM project in Scotland, undertaken with resource recovery in mind, will be a complex operation. The authors of that study state it is unlikely to become a widespread occurrence in the near future, principally owing to economic viability, but also as a result of the technical challenges associated with this type of operation A more recent study undertaken by Cranfield University has found that there are potentially significant deposits of valuable metals in landfill sites. Scientists analysed samples from up to 30 m deep from four different landfill sites. After removing large objects, the samples were analysed for the content of rare earth and other valuable metals.
Around £5 million worth of the rare earth metal neodymium is estimated to be in just the four landfill sites, while £92 million of palladium is expected to be buried in the sampled sites. The combined value of copper and aluminium in the four landfill sites is estimated to be worth £260 million. This clearly demonstrates the value of resources tied up in landfills is now approaching such a level that LFM may not in the future be a pipe dream, but become a reality.
The report concluded that it is unlikely that the recovery of rare earth metals and critical metals would be economically viable as the quantities are small. However, the recovery of copper and aluminium would start to make sense. Then of course there is the opportunity of further resource recovery, with the extraction of bulky ferrous metal items and for the reprocessing of plastics, which adds even more value to the operation.
However, if these numbers are extrapolated to the many thousands of landfills that were developed before we became conscious of resource scarcity and resource efficiency, then it will not be lost on the entrepreneurs of the waste and resources industry that LFM could yield significant revenues when the markets and the costs of material recovery measures are right.
As I think can be demonstrated by the Normandy project in Beirut, LFM has benefits beyond resource recovery as land can be reclaimed for development and the long-term management issues of the landfill sites are removed, particularly where environmental damage is evident or impending.
Early results from research that is yet to be published is predicting that the cost of removing materials is likely to be very high and variable. This, despite concepts such as the circular economy becoming mainstream (some might say dreams), make LFM for the sake of the materials alone unlikely to be economically viable at the present time.
To date, the myriad of reasons justifying LFM have included, but are not exhaustive, having to move a site -for example to make way for major infrastructure such as a road -or repairing or stabilising a site. However, as noted earlier, it might be to make more room in the landfill and so extend its life. The removal and sale of materials has helped to fund the costs of projects like these, but the value of the recovered materials is not yet high enough alone to justify LFM. Dirty or contaminated materials are also not currently as valuable as the cleaner recyclable materials removed at source.
In conclusion, landfilling will continue in the future; perhaps not quite like we have seen in the past, but only time will tell whether LFM becomes main stream in our quest for resources. When the price is right, then we might see LFM becoming widespread. Although economics is likely to be a clear driver for LFM, there are currently a number of legislative uncertainties (type of legal approval needed for LFM project, status of mined waste with regard to landfill tax and so on), which are a major threat/obstacle for the realisation of LFM projects.
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